Epidemiological analysis of isolates from nosocomial infections caused by Klebsiella pneumoniae was improved by the use of bacteriocins in addition to capsular serotyping. Screening for bacteriocins produced by 77 reference strains for capsular serotyping identified 39 strains, and 8 of these strains were selected as a typing set. Using this set, we found that 241 of 259 The importance of Klebsiella pneumoniae among gram-negative rods in hospital-acquired infections is well documented (7, 13, 17, 19) . There is general agreement that nosocomial infections which are transmitted by cross-infection are more easily preventable than those which are endogenous (5).
Epidemiological analysis of isolates from nosocomial infections caused by Klebsiella pneumoniae was improved by the use of bacteriocins in addition to capsular serotyping. Screening for bacteriocins produced by 77 reference strains for capsular serotyping identified 39 strains, and 8 of these strains were selected as a typing set. Using this set, we found that 241 of 259 (91%) nonepidemic clinical isolates of K. pneumoniae were inhibited by one or more of the eight producers. Of the most frequent bacteriocin type there were 31 examples (12%). High reproducibility of typing patterns (83.3%) and easy practicability of typing were achieved with a streak-and-point method avoiding the use of suspensions of bacteriocins and the risk of instability. The Klebsiella bacteriocins were active also on Enterobacter and Shigella species and on Escherichia coli strains, but were ineffective on other Enterobacteriacae.
The importance of Klebsiella pneumoniae among gram-negative rods in hospital-acquired infections is well documented (7, 13, 17, 19) . There is general agreement that nosocomial infections which are transmitted by cross-infection are more easily preventable than those which are endogenous (5) .
Nosocomial infections caused by supposedly identical strains of Klebsiella in different patients are mainly characterized by capsular serotyping (14) , but several independent epidemiological markers should be used to obtain precise identification of isolates from different patients or from patients' surroundings. 0-serotyping is impeded by heat stability of the capsule (14) . Lysotyping is inadequate since only 60% of the strains respond and the most frequently encountered type constitutes 20% of the total (16, 18) . Biotyping may be useful when precise standardization of substrate concentrations is observed (2), but in our hands the API 20E was unsatisfactory since two-thirds (of 259 nonepidemic isolates) were of one biotype.
We therefore investigated the use of bacteriocins for epidemiological analysis of K. pneumoniae infections.
MATERIALS AND METHODS Detection of bacteriocins and typing. Strains were screened for the production of bacteriocins by the following method. Tryptic soy agar (25 ml; Difco Laboratories) in 9-cm plastic petri dishes was used either alone or with 0.1 or a 0.25 ug of mitomycin C (KYOWA, Japan) per ml, dissolved in methanol and incorporated into the triptic soy agar medium at 500C immediately before pouring. The concentration of the mitomycin C stock solution was checked regularly before use by measuring extinction at 360 nm. Strains to be investigated for bacteriocin synthesis were pregrown in tryptic soy broth (Difco) at 370C until the late logarithmic phase of growth. Their densities were adjusted to 3.75 x 108 colony-forming units per ml; 20-Id samples of these suspensions (7.5 x 10' colonyforming units) were streaked out on the agar in a central area 55 mm in diameter (Fig. 1) , and the plates were incubated for 16 h at 320C. The bacterial lawn was removed as completely as possible by scraping with the edge of a glass microscope slide and mopping with filter paper (3), and any remaining viable cells were inactivated by chloroform vapors (3) . Indicator strains from the exponential phase of growth in tryptic soy broth were adjusted to a density of 6 x 107 colonyforming units per ml, and 2 ml of each strain was put into paired cap reservoirs (Fig. 1) . The indicator strains were inoculated subsequently from these reservoirs by means of a multipoint inoculator (DEN-LEY) so that each indicator strain was placed on two spots, one inside and one outside the zone of growth by the bacteriocinogenic strain. The plates were then incubated again for 16 39 (50.6%) were able to reduce or completely inhibit the growth of one or more other strains. Self-inhibition of strains by their own bacteriocins was never observed. Inhibitors were synthesized spontaneously by more than half of all producers (22 of 39, 56%). The remaining 17 strains required treatment with mitomycin before synthesizing detectable amounts of bacteriocins. Examination of the number of strains susceptible to individual producers revealed remarkable variation in breadth of spectrum. Producers active against the same number of strains may be differentiated by the pattern of the strains inhibited, and of 39 producers only 2 strains showed identical inhibition patterns.
Sensitivity of K pneumoniae strains to bacteriocins. The 39 strains shown to be bacteriocin producers inhibited the growth of 76 of a total of 77 serotype strains tested. We found that, first, the majority of these 77 strains were inhibited by more than one of the producer strains, and second, that some producer strains had a comparatively broad spectrum of activity. Therefore, we reduced the number of producers necessary to inhibit all 76 strains from 39 to 8. With these eight representatives, no more than nine serotype strains fell into any one bacteriocin group. These eight strains are identified by their profiles of inhibition of the 77 capsular serotypes (Fig. 2) . Among a set of 259 strains of K. pneumoniae freshly isolated from patients, 241 (91%) strains could be typed, and this high typability was accompanied by very good resolution (12% in the largest group, Fig. 3 stricted to changes in sensitivity against only one of the eight producers. Altogether, deviations in 8 of the 48 isolates (16.7%) were observed: two were changes from -to +, and one was a change from + to -. The remaining six discrepancies were deviations either from weakly positive to negative or the reverse. Discrepancies involved every one of the eight producers. In no case was there more than one discrepancy in the bacteriocin pattern of a given strains.
Activity spectrum of Klebsiella bacteriocin. Other Enterobacteriaceae, P. aeruginosa, and strains of several gram-positive species were tested to examine the possibilities for broader application of the typing system and the specificity of the bacteriocin effect. Most (29 of 30, 96.7%) Enterobacter strains were inhibited by one to three of four different producers. Among the 16 different E. coli serotypes used, 11 were susceptible either to one or two bacteriocins, whereas five (01, 04, 07, 075, 095) were not inhibited. Most (13 of 14) of the three Shigella spp. serotypes investigated were inhibited by one to four of the bacteriocins, and only Shigella flexneri 06 was not susceptible. There was no susceptible strain among the representative strains of all other species tested.
Epidemiological relevance of bacteriocin typing. From some of the patients infected with Klebsiella sp. either in their respiratory or urinary tract, Klebsiella sp. could be isolated repeatedly over 1 to about 4 months. All of the isolates were kept, and finally both capsular serotyping and bacteriocin typing were carried out. The results (Table 1) showed good coincidence of both markers. Bacteriocin typing may be successful even when serotyping fails. DISCUSSION Bacteria may be typed either by their ability to inhibit indicator strains (as in the case of P. aeruginosa) or, vice versa, by their susceptibility to bacteriocins synthesized by producer strains. Typing by bacteriocinogenicity of the isolates is restricted to species in which bacteriocins are produced by almost 100% of the strains (e.g., P. aeruginosa). Bacteriocins of K. pneumoniae were identified first by Hamon and Peron (11) . Slopek (18) , working with 15 lysates, used bacteriocins for epidemiological typing and classified only 58.5% of 504 isolates tested. Hall (10) obtained better overall typability (77%), but rather poor resolution (37% of the isolates fell The fact that we found 99% of the Klebsiella reference strains and 91% of our clinical isolates to be typable increases the likelihood that this producer set will be applicable to isolates of other geographical origins. This bacteriocin typing system has other features which contribute to its practical usefulness: most of the bacteriocins have a broad spectrum, hence, the number of strains needed for the panel is small. Also, the resolution is good, i.e., no one bacteriocin type predominates and the most common type in our series represented only 12% of the total.
Epidemiological relevance of bacteriocin typing. When bacteriocin typing and capsular serotyping were both applied to consecutive isolates from the same patients, it was found that the results run parallel, e.g., that the results of bacteriocin typing make epidemiological sense and that bacteriocin type appears to have the same stability in vivo as capsular serotype.
It will be interesting to apply the technique to epidemics of Klebsiella sp. and possibly Enterobacter sp. infections in hospitals. Its simplicity and reliability should bring detailed epidemio-logical analysis within the scope of many routine microbiology laboratories.
